Searching PAJ 



PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 2001-057454 
(43)Date of publication of application : 27.02.2001 




(SDIntCI. 



H01S 3/0915 
HOIS 3/06 



(21) Application number : 2000-207184 

(22) Date of filing : 07.07.2000 



(71) Applicant 

(72) Inventor : 



SAMSUNG ELECTRONICS CO LTD 

YOON SOO-YOUNG 
HWANG SEONG-TEAK 
JUNG RAE-SUNG 
KIM JEONG-MEE 
KIM SUNG-JUN 



(30)Priority 

Priority number : 99 9927276 



Priority date : 07.07.1999 Priority country : KR 



(54) WIDE-BAND OPTICAL FIBER AMPLIFIER AND AMPLIFYING METHOD THEREFOR 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wide-band optical fiber 
amplifier, together with its amplifying method, for amplifying optical 
signal of wavelength band 1530-1610 nm. 

SOLUTION: This is related to the amplifying method for a wide- 
band optical fiber amplifier which amplifies the optical signal of 
wavelength band 1550 nm and that of 1580 nm. Here, a process 22 
where an input optical signal 21 is separated into a 1550 nm 
wavelength band and 1580 nm wavelength band, processes 32 and 
34 where the optical signals of separated wavelength bands are 
amplified, and a process where a reverse-direction noise light 
which occurs at amplifying the optical signal of 1550 nm 
wavelength band is presented at amplifying 1580 nm wavelength 
band as an auxiliary pump light, are provided. 
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(54) [^©^so ^i^tyy^n-m^mmstom^m 



(57) [RKl] (tf3E*) 
[1£M] 1530~1610n m^S^CDitlf 

1 5 5 0 n m^fi^i^t 1 5 8 0 n mi£ 
)tf§ -§-^ti*li--5J£^*7t7 7 << JfffigW 
±i*I*i*{'fc^r, A^?fcff-§-2 1?:1 5 5 0 nm^ft 
I«tl 5 80'n mifeft^« t fc:a«-f*»S 22t, 
tufS^-glLfc 1 5 5 0 nmijtfSaroMfJ: 15 8 0 
nmiSft^J§Sro3tjf-§-^^iX^iii|iI-r-5i§M3 2, 3 
4 i: , fflte 1 5 5 0 n m&ft**s!c3tff *tf>*itl8#tC38£ 
+ 5>»;frfaJi#3fc£4iJi&sK>:/tt;i: UTSufE 1 5 8 0 n 




( 2 ) 

1 

1 5 5 0nmRM«il 5 8 0nm» 

A^ftff 1 5 5 0 n miSSSJSi: 1 5 8 0 n mj&S 

mm^m Lfcl 5 5 0n m&^igtCOftfl-SI- £ 15 8 0 

SfFlSl 5 5 0 nmSE*^3tft^-01iitiimc^±i-5)3* 
^(S]$t^3t^*l*^>'7 , 3tt LTmifSl 5 8 0 nmjgft 10 

»«©**«B*K*#-r sag* z t ztmt-t 

[!t*iS 2 ] WIS 1 5 5 0 n m«EJH(F«3t«*«>*i« 

5 8 0 nm«ftflf*«5*fl«B#tC»tt-rSiaStt, ^fctS 
jg^ftfc&Slf^cOft^Sritfjfei 5 8 0 n mzSS^ 

0 if 5 <t p te*weii!#i*j*MF* 1 7 w 

[ff*il3] 1 5 5 0 nmSM«I*77'f/<-i 20 
1 5 8 0 n mKfif Sffl*7 r -f 

A73S&iK:A^£iX7rft{f-f§-£ 1 5 5 0 nmigf^j: 1 
5 8 0 n m»f^«i 5A^J«»«»»*J#*3t 

mci 5 5 o nmwnmmmft7y'<'<-®m&X'ytm 

^\Z.&±T*mj5&m : g%-t>mm 1 5 8 0 n m^ft^ 

Stffe 1 5 5 0 nmjfi*Hf«ffl3t7T^^— *i*§3S £ MIS 30 

1 5 8 0 nm&ft^SM^T'f^— t8ffiST-ttl,-^n 

y 7*7-*»5>55-« **Lfc 1 5 50nm» 
ftflf«<03fcflr*Srfl!Ha 1 5 5 0 nm»ftf«ffl)t7 7'f 
it**fcii{*U fttJlSl 5 5 0 nm»««f«ffl3t7 
T^/^-iftlSiT'^^i-SiSS^St^JtSrwilSl 5 8 0 

fififBl 5 8 0 nmiSg^ffl^t^rf^— ittS^^ai 

1-3 w#* 3 &m.<?>mmm%7 r -r '<-*■*». 

fcffiS^^C07t<7?^.^SutB 1 5 8 0 n miSft^fll^t7 
7 -Y tftlSil-tltfrf 3 «t 5 l-tfJie 1 5 5 0 n mi£S 

^mm%7 7 << ^-mm&T'ft&i-z&jiftm^ftz ? 
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2 

[M*«6] MR^^/i^— ttRJltgijteT'T-f'^- 
tt 7 w A- * - -C $> 5 d £ £4$i& k -f £ 5 IE«fe<7) 

I»*«7l 1 5 5 0nmft«fm77Y/<-ti 
**§§£ 1 5 8 0 nm«£*«JI?3te7r^ 

AT^ffit- A73 £jT,fc5fcfi-5§-£ 1 5 5 0 n mSgSi k 1 
5 8 0 nm&&1$®kiZttm-tZ>At)S%i®.Mftm&mft 

nvy^-k. 

ifj|SA7^SjKS^Si|#fi7t7J S> 7*7 —frbftffi. £ tbfc 1 
5 5 0 n m«*flf«03tft«-S: 1 #«mc:A* £*U 2 
tWtfiiTjLt^ SulE 1 5 5 0 nmSSW*77 
^ ./<-*f U iEl 5 5 0 n m«*##ffl3te 

•fi^jft, 3 s^t- tati-r 1 u- 

cD3t<7)^.^tii73-r Z>%7 4 jv$> — t , 
mt%7 ■< J\"7 — ^"btBT^ftSftS: 1 #3£^K:A7J£ 
ft, 2#SS^tCfcb^lUr, MIE1 5 8 O nmJ6«^*Sffl 
3t7r-f^— HI*I^iS5*-|S)^ti#l;b. SufSl 5 8 O n 
m&g^*ffl 3fe 7 r -T HMHia»6 a 73 $ *l 5 ±i*i $ 
ixfc^f ■§-^SufE2#ffi^-icA^^ix, 3#s>Sm-tti7J 

2 3t1r—=¥=. u<— # £, 
tulBl 5 5 0 nm$Sf«ffl*7 7-l'^- i#*S§s £ iitife 
^2 3ti7— ^c7)3#4S^-^tiS^$tL?>ttlfBl 5 
8 0 nmKftffil3t7r-i'/'!- t|i|iS&T-^:tt^ti,ti*I 

Tl^KS^f 'l^fi^TJ 775-t £l^tp r i: ?r^m k ~t 
5£S«*7 7 -Y ^<-*i*I^„ 
[IS*JS8] 1 5 5 0 nmtf ff«S*77-f/<-ti 
1 5 8 0 n m**ff«ffl*7 7 'f "<-iHISi: S: 

A^KA^ftfcJfrff -!§-&• 1 5 5 0 nmj^S^lSi 1 
5 8 0 nm«*flf«tkl^«i-SA^4Stt*»f'J#*jt 

-iM — k, 

5 5 0 n m«*Hf«W*ft*Sr 1 #4&mcA7l 2 
#4ffi^Ft^tli7: UT, Bute 1 5 5 0 n m«ftflftSffl3t7 r 
W^<-*i««StJ:««L. HUISI 5 5 0 nmM«ffl3t 

77-f ^<-*B«»-c«±i-s Jse*isj*e*3t*«ME 2 #asss 

■T-fcA^/^K, 3#iS^^tB73 LT, ftulEKM^*^ r 
-T/<-{&^7^;u^-l;gftl^ 1ffi£5MW.%7 7 ■< 
-^7^^-T5«$ti57^;^ y >j/$axfc7t 
SrMIS3#*S^{CA^^H, 4#48^ttJ^i-S**- 
U— ? £. 
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3 

' 0 nm^If*(Z)M§t^LT, flfflB 1 5 8 0 n 

JfflEl 5 5 0 nm**#*ffl*7r-<^— *t«»ilWIE 
1 5 8 0 nm»*»«ffl*7r'f *i«»-C*iX-Ptt 

5 ta*««ft^W#SJt* y - k &^ts r k S:*MR 

A^t-A^SftfcftfS ^-Sr 1 5 5 0 nmiftft*«£ 1 
5 8 0 nmR*Hr«i:fc»l!li-5A*«l*«»W*«3fe 

MEA*MR«#«#a;ife# ^/7"l:J;9 #«t * Jxfc 
1 5 5 0 n m^S^igc^pfeif 1 &*itrr 5--a 1 5 
5 0nmlttfW*77^/<-*|Si, 
SJE— «1 5 5 0 nm^*^igcffl7t^r^^^-ti*S^T- 
ai^^tLfC7feff^^li#t^tLT2^:ti*I-r5^Sl 5 5 20 

1 5 8 0 n mMffiiOMff^ 1 #^1^5— 1£ 1 5 

8 0 nmR*Ht*77'f/<-l|IBt, 

(WTIE— Si 5 8 0 nmSftf«*7r^ l««*TttJ 

* sns3t« ** 2 fttuw-rs— a I 5 8 0 n m$g® 

ME— ai 5 5 0 n miKfi»«ffl* 7 7 ^ /^HtSST* 
*i«*l»fC*trsa!*lRl»i*** s mB 1 5 8 0 nmS 

Suieziai 5 5 0 nm»g^r«Effl3t7r^^— "IftSSir 
SulBZiai 5 8 0 nm8*t«S*77'f/<-HH»T 

»dtu*i-» m*a«E*»«*a** v-fj—k z. 

0] ffiEtt*jfe&K«jft«H4, milB-ai 
5 5 0 nmMf^f*77-f '<~i|l*»^Hi*7 
3fc«#*rBlTE— a 1 5 5 0 nm&fiiSMfiffift^r'l' 
tfflgSgfCffiflfeU l5El 5 5 0 nmMM3t77^ 40 
^<-*«»tf»*+5i»*lft*»3tfcj|WB-ai 5 8 0 

HMfEZiai 5 8 0 nm^ft^igffiTt^r 

t -raw** 9 f£*<7)j£^iiE7fe 7 7 -f '<—*■««. 

tl/c®fiS*^7t^^^BUWBZia 1 5 8 0 n m«ff« 
ffl*7r^^-if*»^»*r5J:5tellWEz:ai 5 5 

0 nm»fii«ffl3t77^^-«MiSt?l8±t5»*|fil 50 
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k ir 5 9 Ett<&J£W*B3te 7 r 4 
[0001] 

Steffi 9 , ^(C 1530-1610n mj£Sflr*K<D3teff 
^^ttf|>ira/-c^^3t> r 7'-r/<--ii*I^5(0ptical Fiber 

Amplifier) k -t<Ottffi*ftlc:B8i-5 0 

[0 0 0 2] 

[0 0 0 3] 3t:?T>f'<:-fcJ:*#i»«tt. fJ*yt7 
T ^—\^±M7tM(0^-^\f^ MR t [6 8]), ~f 
y-t*i>J±(P r [5 9] )Xf4-f yr/H:'^(Yb 

[70] )«f«r^Lfcj^*7r^^<— o«ai[*tBja 
5 0 aft, 3te^v-x^AT^<^ffl^^-cv>5&*^ 

iF'j ^18 (Wavelength Division Multiplexing : J£AT\ W 
DM^^5)fi»atU »fff«iltl 5 5 0 n 
mifc6fifi5S(#*U 5 3 0 n m— 1 5 6 0 nm)^.±Cffi^ 
^iV *0D«M4± 1 5 5 0 n m1ff«03fe« * «:*•«-*-* 
tc3SSl?i^yUtr^^S^*D5t:7T-<^— t§*135 (Erbium Do 
ped Fiber Amplifier : £kT, E D F A k V ^ ) tf^lCffl 

[0004] Hitt^^tr^^asja*7r^^— 

(EDFA)m^ 3L/Ulf^ME r'*)^ *><D&m 

OTfc^o El 1*4. ^A^^^D^r^'*— (Erbiu 
m Doped Fiber : JL^Ts EDF V > 5 ) rtT*x/U tf £ A-f 

ty^SSgfiWtMtL0%, 10%, 20%, ■•■ 
. 1 0 0%w#^*n^»JS:i-5jfi]»Wt*r^Ufct 

[0 0 0 5] ttftKte*** 0 %co^fil(4, -r-crco^/u 
tf £ i*^ ^-V^SjEtftlS(ground state) (dfc 5 ^ i: £rg 
3*U ro*^OfU##ttf4llll(C7FL7tJ:p(C l 5 3 
0 n m&S^Sr^ki LT3t»iR^± *«5fetttt«r* 

tffihl&VtWi (excited state)^fc£8#^f4. 1 5 3 0 n 



5 

zk2Stw{SJ5 It 1 5 5 0 n mi£g^«( 1 5 3 0—15 
6 0 nm)Oftlf-§-£iiitIt-£o 

[0 0 0 6] — (21 1 £ . 1 5 5 0 n mO 

£f4l/^t^5 0 ip^ x 1 5 3 0nmi64Ofl# 
^-#iS<, 1 5 6 0nmSS^lJt#»^tW 

i@.{t:i-5/c^^ N 1 5 3 0 nm^^3t{f#^Jll:^ 
^l"**:^/^-*^***^ 10 

[0 0 0 7] WJfiUfcipftWtt^EDFSrffiV^fcED 
F Afi, StWDMe^T 1 5 5 0 n m^fi^^giO 

[0 0 0 8] — *\ MWDM^e^v/^TA-c-fiJ: 9 
ZtV^eSHf««r««i-Sfc«>*v:. 1 5 5 0 n m&ftffilft 
<OZ*t£h1F 1 5 8 0 n m£>8t*fi?*K( 1575 — 160 
5 nm)tWflti UTffi^SfcfeOWSffi^ittT*^ 
fc5 0 bSEI 5 5 0"nmSS»«SrC-/<>'K 

(C-band)£VH\ fltjfE 1 5 8 0 n m^Stfiflf** L - 20 
K(L— band)£V>5o 

[ 0 0 0 9 ] IfU^ l Sr#JHi"4i:. EDF^x/uf 
9^-f^O?B«Rte*dS»3 0-4 0%Sr«fipi"S4& 
•g\ 1 5 8 0 nmSS*«-CAA*Ht'>LOtiB*&* 
-T5^3 0 nm< &V^03fiJ»Ta<b1lf««S:#fe*t5« 
S^LfcJ: p id, ED FT? 1 5 8 0 nm»*f«©»tt 
«JS9 *«Sptt 1 5 5 0 n mSfif^lCtti^-r**^ 
iotl 5 8 0nm«ft»«O3t«**li«t 
5fc^EDFS^|j: 1 5 5 0 n m«JHBr*fi^)jfc«#S: 
*t«"TSfcft<iO#'&J: «9&Jl 0-2 0fflFEU:if#$*L 30 

[0 0 10] fft8S«K4Srffll^T 1 5 5 0 n m&M^mi&CD 

7, C-EDFA^^5)h 1 5 8 0 nm»ftfKiO 
*«#Srit«i-Sfc»^K!ft**bfcEDF A(K7, L 
-EDFAa^)^t^JT«LT 1 5 5 0 n mi£S 
1 5 8 0 nm«K»#*©*«*«ri--<rii«i-* 

[ooii] 02it t**coat?««iffi«5t^ja:«*fi*7 40 

tSftlSP 10l±1 5 5 0 n m«*?|f«<7>*fSfl-Srit«-f5 
tl£)(D C — E D F A (Conventional band E D F A) 1 2 
1 5 8 0 nm^««igc^5t^f^-Srii*I-r5fc^c7)L 
- E D F A (Long band E D F A) 1 4 CD&^Jtg^^ & 
So AvbSSl 5tCA^)*tt/c3tm^A^«l 5 5 0/ 
1 5 8 0 n m WDM** j//?- 1 6 |:<t 9 1 5 5 0 
nm»tl 5 8 0 nm*iO«f^tl5 o j|MB# 
« $ n/cftf fj:^ tlftlC - E D F A 1 2.H-EDF 50 
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Al 4(CA*$Wf*S$ixfcS, fflMl 5 5 0/1 5 
8 0 nm WDM***:/^ — 1 8 Tfe^ £ :h/T ttl 2> «S 
1 9tCttJ*^tb5o 

[0012] ttEOi 5 *JE«r«3fci«««tt*i«ttte^ 

ffi2fc*«r«f *>«V ^L-EDFAl 4 <Z>*iffitttg£3S*1- 
[0013] 

fl 1 5 8 0 n miR**«-eajfi^lt(SabSpS:*U»SJE£ 

[0 0 14] ^mcDifcCDgftte, ©MSMfL^ . 
# b 1 5 8 0 n m«*3f«<0*J#S:i«fc btLSJE*** 

[0 0 15] b\£{fo<Dgtf)te, 1 5 5 0 nm 

***«0**M*te»^i-S»*ft«**«:«v^"C 1- 
5 8 0 nmSIS«^(ffWt^51i:S«77 

[0016] 

#359!fl 1 5 5 0 n m»Efifif*£±: 1 5 8 0 n m& 

«flf«o*« #S:ii«i-5Jfi:«*3t7 r 

*itt*ffi^*5V^r, A^ft{f-§*£l 5 5 0 nm^ft^i^" 
t 1 5 8 0 nmififtW«4:^«i-5iaSt. f!uf£^S£ 
lfcl 5 5 0 n mJKS^O^m^-i: 1 5 8 0 n mi&ft 
W«03t«#S:**t-P*Lit«i-5iflSi: . 1 5 5 0 n m 

8 0 nmj6**«OJ»«»K:»«Ur4llft*V^*fc L 
[0017] 

[«H<0?tJk<ZHBflE] «7, *»M^a5»fflftHi6« 
SraSf*BiaaS:#HRLooI¥»»w|ft^5 0 fc*3, @S 

1 5 5 0 nrnXli 1 5 8 0 n m^S^iS^tg^Ii-^ fc 

4*7r^^-(W*fc9»5. *?>t, TIERS! T 

[0 0 18] §3(1 *^C0|g 1 ifefiia^/Am 
***7t-</<— HI«»ttA*«l2 lK:A**Jh,5 l 5 
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50/l 5 8 0 n mgf^)t(f^5: 1 5 5 0 n m t 
1 5 8 Onmft*flf«i:lC»«i-SA*iSWDM3t*y 
^7-22^ WDMTfc* y77-2 2tCi VftMZtl 
it 1 5 5 0 n-m«*1Br#S>3fe« 5 C - E D F 
A3 2 k. 1 5 8 0 nmj6*flr«0*ft#Sri#«i-SL 

— EDFA3 4 ir x ffilEC-EDFA3 2<D#*i«B#fc: 
*^i"5iS?*'|S]St : g 1 3t(backward ASE : Amplified Sp 
ontaneous Emission) T^flufcl L — EDFA3 4 (C^tt$ 

If — =^U—^ (optical circulator) 3 0£^i"5 o 3t 10 
U— *a U— * 3 0{j:AASWDM*^ 2 2 

C-EDFA3 2 k COBS"? 1 5 5 0 n m&SS$c(7>;)feif 
t#C-EDFA3 2»C»flt*ixSJ:5»CL, C-ED 
F A 3 2 0*ig«Wte»4r*a*rtl«l**^IWEL- 
EDF A3 4fc««*nSJ: 5l-*«KSr«fiR-r5. 
[0 0 19] Sfe»cH¥JW»c:RWi-5i:, ftjf£A^^WD 

M7fe^^7 P 7-2 2^65J-«ISiXfcl 5 5 0 n migg^ 
**03t«#ttil9ia3fc1»— *a u-^ 3 0 O 1 fSi^IcA 
^J^tt, 2#*^tCttJ;fi$ixT. C-EDFA3 2COA 

-2 2a>&#di£*tfc 1 5 8 0 n m«ft3?tt<D5tef& 
i£:*faii*T;fc£rS5lg l%T-< y * 3 6 IrgtL- 
EDFA3 40A*W-fttStt5o C-EDFA3 2 
H-EDFA3 4tt-t*L-€ p iX»#t*iXfcjft*»|f«<^3t 
{l^£tiit>I1~5 0 C-EDFA3 2JCj:9*«**lfcl 
5 5 0 n mtt**«0*« 2 %T 4 V * 3 8 
SrSTUlAJBWDM** 2/^9—2 4tc»«**bS 0 L 

— EDFA3 4tCct <9i§itI£*Lfc 1 5 8 0 n m&fi^igc 
C03fe<f-§-^mIfe3tf— # 3 0CO3#ffi^(^A^ 

7=7—2 4 (C^#t^tl5 0 -^CO^, WIBitWSiXfc 1 5 
50nm«tl580 n m&fi^ECD^f fctj^SWD 

[0 0 2 0] SuffiC-EDF A 3 2 H-EDFA3 4 

ft5rt*-C#5o BP*>, 17 (a) tC*LfcJ;3 
SuffiC — EDFA3 2 H-EDFA3 4 — o<7} 

If— K (Laser Diode : SXT, LD k 

^ 5 ) ^ tt5 #^^**Sift»a«il**a(Wavele 40 

ngth Selective Coupler : KT. W S C <t V > 5 ) <fc 9 

[0 0 2 1 ] ^o, fitjffiC - EDFA32H-EDF 
A3 4te[3 7 (b) fc* Lfc «t ?>^7K>7 w 7fe^ ED F CO 
«*H-C««i-SJ»*ft#vtr^^«|JB, Xf4H7 (c) 
\cfjk Lfc «fc 5 v^*«r e D F 0ttW&tf£Nrc«ft 

com^Ti- e, ft 5 #® »tk > e^ymmzft u# s. 

[0 0 2 2] EDFttl 5 5 0 n m«*1|F*-eB 50 
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lM»ttt?IL, r^J: 5 ft e^ffi (spontaneous e 
missioiO*f4EDFrt«B-t?lfWii«Six, tf^ftcom 
*£±§*D£itT, ^vt 0 >^^?rTtf 5±ftMBcbft 
5 0 *«WCttwOJ: 5i»fA(AS E)Srffli>TL- 
EDFA3 4^ig«S»*S:JiJ«>S 0 IP*^ H 3 Ufc 
«t 5ft«/#K:*5^T, C-EDFA3 2tMLt^ 
W^iltrttffJtl^l^—^iV— ^ 3 0O2#ffi^CA 

T, L-EDFA3 4(:i!^CgfJn^ 
[0 0 2 3 ] C-EDFA3 2t^4lt)tt^iiU 
■-^30^ILTL-EDFA3 4 KfttfrS tLfcig^r*] 
$S*5tf4WSbzK t LTfEffl LTL-EDFA3 4 

<30*S*SSb*«rrS]Ji^^:So 15 8 0 nmKMSWIf 
^r%:m$£i-&£ibb(DL- E D F A^ea^l^-bS^ 
Sfc»»C, 1 5 5 0 nmifi*«f«^»3tS:AA**« 

^53te2S£fflv^T 1550 nm^^co^cF^ii, v 

- Kt-A : seed beam)S:58±U ffjffi^^Lfcl 5 5 
0 n m&fi ^i$cD5t£: L -ED F AM£i#£~t~<5 r i: KL«fc 
9 L-EDFAO^I^^f^l^^^aWf^^tl- 
T^?) 0 pft 1 5 5 0 nm^*^^gC0^§|57tc7)g 

Ml:L-EDFAOi|BWfil±Sn5a»«:, fltt 

K?8f4*< ^ i:^i-6 0 *8^ttL-EDFA(0*|« 
$J}m&fa±.£ J &Z>mzd,<0£ 9^ 1 5 5 0 nmRfiW^ 

T> H3K*UfcJ;5^C-EDFA-e5S^-r5iS!*-(«fi 

[0 0 2 4] I4tt*7^^- SrfflVNfc*«WO»2 

oy^iritH-efci. ISl4Sr#fig-rSi, *3S9i<£>3S2 
SOfiff]^ J: Si£1Br*3te7 r A^7 
WDM^77 P 7-2 2frt>ftM£thtz 1 5 5 0 nm 
**1lf*03(fcfll#B:JBl**— u-^ 4 OOlSffi 
f?-^A^*tL N 2#ag^^ttJ^$ttT, C-EDFA4 
2^A^l^(-*#t^ft5 0 C-EDFA4 2fc«fc9ii« 
^^fc 1 5 5 0 nm«ft?Hr*KO*«#tt*2 3feT-f V U 
-^4 8^StitlMWDM^77 0 7-2 4{C^#t^ 
n<5 0 fiJFSA^^WDM3t^ vrfy— 2 2frbfrM£tl 
f:1 5 8 0 n mtt*fif«<Ojtett -§"(4^ 1 JtT <j V ^ 
4 6SrgtL-EDFA4 4i:ttftStt5o L - E D F 
A 4 4 {^i: 9t8i|©$ixfc 1 5 8 0 n m^ft^^cCOTfeit^ 
tt*2 jt*— *a U— ^ 4 10 2#«fl^A*$il, 3 
#5H^CtH^*ttT, BtjfEffi^SWDMTt^ 2 
4tcglit^n5o 

[0 0 2 5] ftjfSOct 5 ftt*5fctc:fc5^*t\ C-ED FA 
4 2 LfciS?*fRl*t**ttlS 1 Tfel^-^^ U— ^ 4 

0CO2#^i-A^^H, 3#M»T-tCta^3ixT, 3t7 
— 4 3tCA^I$tl5 0 4 3ttA*$ 



( 6 

9 

. IP*? 1 5 5 0 nmftftf «^£Kft^tt^» 

9 ^^tifc^^fimjfe^ 2 3fci>— ^ 
4 301«^:AAJJX, 2#ffi^Hdfcfl*l£*L"C, L 
-EDFA4 4C»^Stt$tl5 0 Wffifl|«$ttfc 
iS!*rtrtf **f4*t«J3« i: LTfEffl UL-EDF 
A4 4<Dt§iil^^£fa±£-£5o ME*7^;l/^-4 3 
(j:77/]i-^D- (Fabry Perot) ^ > xn— > > ^ 
— (Mach Zehnder)«tf>#«/£«|gO fe«J*"C# 
3o 10 

[0 0 2 6 ] ilttBI2 4»d*£2|xfc± 5*JE«r«*7r-/ 

^^^40, 4U)t7^;u^-4 3?:$ltMS 
J&J$Mk LTJEV^T, C-EDFA4 2t^4Lt9* 
rS]*t«*0 5 *>»ft<0««Hf«( 1 5 5 0 n m) (D^W 
ft^V^Jfe t LT L - E D F A'4 4 K»*t 5 I i: 

[0 0 2 7] H5fiS#+S*^T'l'^-*& J f (fiber gra 
ting) 7 -f J\s$ — &m V*fc*$B9!<D* 3 J: ^ 

CT«*7 7^^- i*IBStd*5^-C, A^SWDM*^ 
ry^— 2 2ICJ: «9^g6^tbfc 1 5 5 0 n mSfKO 

2#*^fcm£|$iVC\ C-EDF A5 2 0A^SC» 
t^5 0 C-EDFA5 2-e*«Shfc*«ttt*2 

ftr-Y y * 5 8 ^Stmswdm*^ s^^— 2 

[0028] C-EDFA5 2 X&4i Lfc^rfiUt** 
li*t-^a ^^5002 SSSflcAA Jti, 30 
^dfctWjSih/C, S^3t7r-r^— tt^^^/i^^— 5 
3fcA***tS 0 SStSTfe 77^ ^*-t&^ 7 >f - 5 
3 CA^ * tLfc*t*3t#* 1 5 5 0 n m^ft^i$(7)}feCD^ 
^KltSiXT, mj|a3fei^— * 5 0^3«T-}l 

A*£iV 4#«8^-^tll*S*t*o 3feU— =^r* U— * 5 
0O4#*B^tH*$jxfc 1 5 5 0 nm^S^igcCOTti: 
mjfBA^/ffiWDM*^^^ , y-2 2^6>5Mi$ixfcl 5 
8 0 n mftftM(7)^f ^-(ilftWDM^^ 7 ^7 - 5 
lt±9«**iltL-EDFA5 4i:ftttSft5 0 L 
-EDF A 5 4 Id J: 9*t«SiX*: 1 5 8 0 nmMS« 40 

DM7t^7^7 P ^-2 4 Jdf§i*£*L£ 0 
[0 0 2 9] «Tiaia5ld**ix*:J|£#*jE3t7r^^— *i 

0, %y 5 3&tf53iJ<Z>WDMft;*7 y?y— 5 1 

Sr****aiS»J«»i: LTffl^T, C-EDFA52T' 
»*Lfcffl*|$lJt#*0 5 1 5 5 0 

nm)OJt*Mtt#>'^ , 3fei: IT L — E D F A 5 4 ld» 

[0 0 3 0] H5ld*SttfcJE?IF«3fc7r^^"-*||«» 50 
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T^, C-EDFA5 2T'?64LT3fe7^^-5 3f 

-5 1 5:gTL-EDFA5 4 »dJR*f5Hd««£it5 - 
i*«^So BfFfS«^S;-eWDM3t*!y^ , 7— 5 lSr^V^ 
1\ 0 4l:^ttfcJ; 5(d®J<£>^2ftlf— 
m^xmrnyt?^;^? — 5 3t*7>r^ y >^£;ft,7t$i 
***L-EDFA5 4K«*ft|d!ft«i-SJ:5»d*ril 

[0 0 3 1 ] H6tt*»WOJB4*J(||»ffl*dJ:*-«Jf 

*j«B|-efc5. H6«r#flBi-5fc. *X9)0lff4?U&B 

DM^y7 s 7-2 2fd± 9 1 5 5 0 n m& 

S^«c03tm^f4^ 1 3fcr ^ y ix-^r 6 1 Sr^r-^c 

-EDFA6 2(dtlttSiXTt8iB^n^o — ££C-ED 
F A 6 1 "CifttSttfcJfcfll -Sf-teofcf-— ^ 6 OCO 
l#S^(dA^^H. 2#*^tdtB^^ttT, -®C- 
EDFA6 4OAM(^S«$ix5 0 C — EDFA6 4 

[0 0 3 2]— ^ N H5fSA^jiffiWDM3t^ y^ — 2 2 
J&*feiMliS*Lfcl 5 8 0 nm»*««03te«*tt»3 3t 
7^yi/-^6 3^ST-tL-EDFA6 6 0AA« 
(dS#t£;h,S 0 L-EDFA6 6T*t|(S$Jxtl 5 80 
n m***«0*fll *ttWE3t*— =^r= * 6 0 <7> 3 
#«B^JdA^$H, 4#*B^ldm*<S:h,fcflL 3L- 
E-DFA6 8tdffitt^tl5 0 ISL-EDFA6 8T*S 
^titl^nfc 1 5 8 0 nmSfiS«0*ff^fil4*7 
-fV^6 7^StffiMWDM3fe^^7'7-2 4 (d 

[0 0 3 3] fltffB~»C-EDF A 6 4 "C»^ UhiSW 

<**U 3#*^dttJ*S*bT, BuiB— © L - E D F A 6 

6»dis?*rt»d»tts*La 0 

[0034] fijfed] 6 fd^^^fcct 5 ft jg<£> 

ZgC - E D F A 6 4 f?84 LfeiS?*|S]Stt*H- 
SL-EDFA6 6tdffitt^ftT«|&^^^7t:i: It* 

[0 0 3 5] tfrfSBI 6 Id* £ tl1tffif$.X\ i8?*[p]«i* jt 
O^S*«E*«f*eSr»9|!fe<fc4i)td, @4Ml5t^ 

[0 0 3 6] BSfSO«t 5«dZl«it««J60l£1Br«Jt7T 

5 td^ s ttfc i 5 ^ r ^ 
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[0 0 3 7] 

[«B<0»*1 m&(Dim$^ 8tjieiH3 7iMI^6{c^Lfc 
i 9 **»Wo«H«k: J: 5 r -f 

**Mlil 5 5 0 nm»5*«i: 
1 5 8 0 n mR*#«0*ft*trli*-r6l£1lf**7 T 
^^-ffrltsf-^T, 1 5 5 0 n mjK*?|f«3K:«#Ot| 
«#te*fti-SiS!*fFl*t***r 1 5 8 0 nmXMiO 

^tt3taRSr«**< TfcjK*4«3ft»Cj: <9 1 5 8 0 nm 
****"C<OJf «j»*Sr|6j±S*feix5 ll • 10 

[0 0 3 8] Wffi*«WO&E-Ctt#»OHffi« 

WWaMfc/fcttfU**. JW1BH3 75SBI6t*. 

-^fiAMWDM^^7-2 2CDmJ^£ffi;^ffiw 

[0 0 3 9] *>0, jtulSEl 3 7!7^E} 6 IZ^Zthtifc&m 
$t? 7 4 ^ — itfffiStCiol^T^ #C-EDFAH-E 
DFA«7 (a) % mi (b) RtfB7 (c) 20 

J: o tz *e > t° > rmfctt b# 5 <£> tt J9 & <d r. i T 
*>f9, -to**««*tt*«i-eas>5. ED FA 

*^SS*0^tLfcEDF(Al co-doped EDF) J ? , 7yft 

J: 54EDFtt*iSWOEDFAtiffl*ixft5 0 
[0 0 4 0] StrE**W^»»*RMt?ttA^W**l(fi 

*»Wo«lrt-c«* RrtS-e* s ^ t ttSfl-c 

[@ l ] i/i^if ^^SSlw*7T-f *«»tci3V> 

^> ft J3# U Itfc^ 
[ HI 2 ] ^*(D^^iJtgit)I«^^J^^«^ 7 7^^-* 

[IE] 3 ] *J8W(0» l *16*ttic: J: SJE?|f*3)fc7 r W 

*t**0«»«tt7 r n ^tMitfc5o 40 
[84] 367^^# — «rfflu^*»WOJB2KlS»tt 
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[15] SWS^aUfttt^^^yu^-Srffl^fc^JSM 
3 Xtt^flHc J: 5 J£««3t ~7 y s{ /<-««»oa» 

[0 6] o sr 4 mmmm^ x z> - «*tii*ig<E> 

[B7] (a) Tt^r^^-ti^OzKVh: 0 ^^^ 
CO0iJ^H3-e$>>5o (b) *77^ tii(iI§|(D7K^t: 0 V 

^*J*^«*BT*>5. (c) *IHB^ 

2 1 AJjffi 

2 2 AMWDM^^/y- 
24 ttiASWDMTt^/y- 

2 5 ttJ2>«B 

3 0 3t*— ^r^^ 
3 2 C-EDFA 
34 L-EDFA 

3 6 fi*7^yu-^ 

38 »23t7^yu-^ 

4 0 *13feU— * 
4 1 *2 3fcf— 

42 C-EDFA 
4 3 ^fe^/U^ 
44 L-EDFA 

4 6 Igi^fcr^yu-^ 

4 8 I2*7^y^^ 

so yt-v—*c=-is—? 

5 1 WS&WDMJt^^^ — 
52 C-EDFA 

5 3 gWIft77>f^-» : i 1 7-<;^ 

54 L-EDFA 

5 6 ^Dtr^yi/-^ 

5 8 m23tr-r y * 

6 0 * 1 

6 i %\%t^ y u-* 

6 2 C-EDFA 

6 3 |30^y^ 

6 4 C-EDFA 

65 ff?2ftT-1- y U-^ 

66 L-EDFA 

6 7 i43t7^fyu-^ 
6 8 ~ » L-EDFA 



( 8 ) 



mi] 




MOO 1425 1450 1475 1500 1525 1550 1575 1600 1625 1650 

WAVElENGTH(nm) 1580 




[13 3] 



30 



32 

C-EDFA 
(FOR 1550tim WAttUNGlH 8AHD) 



34 





L-EDFA 
(FOR 1550nm WAVCUNG1H BAND) 








4 











36 
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